Abstract: Space and place are key concepts for understanding the functionality of social and environmental interactions. Cities are complex social-ecological systems where space-place interactions can be interpreted by means of quality of life. Firstly, we present several quality-of-life concepts that can be linked to space and place concepts. Secondly, we develop an analysis about space and place interactions, and how the social aspects, such as the sense of place, and physical aspects, such as urban spaces, are associated with quality of life and inclusive places. Thirdly, we state how the quality of life definitions of livability and life-ability are linked to the space and place concepts, and how this link can support the understanding of quality of life in cities, considering spatial thinking. Fourthly, we expand geo-information theories to a space-place approach of urban quality of life. Finally, we discuss how the developed conceptual framework can be applied to interpret the smart city. This paper contributes to the construction of new epistemologies that could support a more holistic understanding of the cities and a more social and humanistic use of geo-information and technology.
Introduction
Our vision of reality is based on a three-dimensional (3D) world. Objects and events in the world have relative positions and directions in this three-dimensional environment [1] . This is the spatial notion of the world, and this notion can be applied to the understanding of different systems, just as social-ecological systems, which can be expressed in terms of spatial heterogeneity of urban environments [2] . For instance, a spatial pattern of a city, such as land surface temperature, can be associated with population density by means of geo-information analyses of spatial information [3] .
Brenner and Schmid [4] interpret the urban sphere as a "multi-scalar process of socio-spatial transformations". They argue that the concept of the urban cannot be defined as an empirical object or a bounded unit, but as a dynamic, complex process that can be framed by theoretical categories. In these terms, it is important to overcome the simplistic Euclidean notions that treat space/place as definable objects [5] . Place is a more complex concept than space-notwithstanding, referenced by space-that enables the understanding of the reality as it is, a complex dynamic process represented by the collective construction of individual actions. These actions are directly related to the sense of place; how people behave depends on how they interpret their role in the environment where they are located. Place is specific because it can be considered as a meta-concept that describes particular stories in a more general conception, the space (location) [6] . Individual human characteristics influence the sense of place, and these characteristics belong to diverse domains (i.e., social, psychological, spiritual, and economic well-being) that define an individual's quality of life [7] . The concept of quality of life is multidimensional, dynamic, and context-dependent, and is usually related to the terms of happiness and well-being. Additionally, there is widespread interest in understanding quality of life in the context of place and urban space [8] . The urban environment is a complex multi-scale dynamic process in which people interact through multiple spatialities. We argue that conceptual frameworks need to be developed to operationalize the analyses of quality of life connected to the notions of space and place.
In this paper, we consider quality of life in the city as an interaction of different qualities of life in a dynamic space-place complex process, defined by urban societies and their people. We also argue that the societies and their people are ultimately the convergence point where the space-place concept can be developed. A basic idea is that society is a complex evolving system that defines an evolving urban process.
The Quality of Life
Quality of life is a multi-faceted concept and an interdisciplinary field of study [8] . There are diverse approaches to explaining quality of life. Glatzer [9] states that positive and negative wellbeing, as well as future expectations, define the quality of life. Thus, hopes and fears influence people's wellbeing. Quality of life is a multiscale concept representing the conditions of individuals and society. In terms of Sen's social choice theory [10] , individuals' access to services and individuals' capabilities can be combined to reach social welfare. Furthermore, quality of life encompasses subjective and objective aspects of life [9, 11] , which influence wellbeing and happiness. Analyses of objective wellbeing are subjected to experts' identification of problems that may not be completely clear for the general public, such as long-term temperature change [9] . Wellbeing is also based on objective dimensions such as economic welfare and the socio-demographics of individuals [12, 13] . Subjective wellbeing can be described as the happiness of the individual and is associated with life satisfaction [14] . This quality of life, in terms of happiness, depends on the place where individuals live-scale-dependent physical and human contexts influence quality of life [15] . In the urban context, Shafer et al. [16] define quality of life as the intersection of the dimensions of community (social), the environment and economics. They also mention that the livability is the intersection between the environment and the social dimensions. When considering the environment and the notion of place in quality of life analyses, and because most of the world's population lives in cities, Marans and Stimson [8] mention the relevance of studying quality of urban life, and they consider the usefulness of quality of life indicators that can be used to measure quality of urban life in neighborhoods and cities. In general, analyzing quality of life needs to associate diverse concepts and phenomena, such as satisfaction, livability, community and people's perceptions and feelings. In this sense, we consider that Veenhoven [14, 17] offers an integrated and multi-dimensional perspective of quality of life, structuring the concept of quality of life using four different categories, distinguishing between opportunities related to having a good quality of life (a good life) and the outcomes that define the good life, and distinguishing between inner and outer qualities (Table 1 ). In terms of opportunities, quality of life can be divided into the livability of the environment (outer quality) and the life-ability of the person (inner quality). In terms of outcomes, quality of life can be divided into the utility of life (outer quality) and the satisfaction with life (inner quality). Quality of life is understood as a concept not only exclusive to individual human life, but extended to the ecological and collective level. 
The Social Understanding of Urban Space: The Inclusive Places
The notion of place, rather than space, frames human behavior in urban environments [1] . The evaluation of urban quality of life considers the concept of place as the geography where individuals and groups of individuals interact [8] . If a city is the arena where different domains, such as economics, physical environment, and social dynamics are expressed, the space and place can be analyzed using the lens of these different domains. Economy can create the conditions that produce space [18] . Isard [19] proposed a space-economy, linking location theory with price, production, and trade, where the labor can be situated at diverse places. However, Lefebvre [20] stated that the space produced by economic transactions and state policies caused a commodification and bureaucratization of the everyday life. He argued that society needs to reclaim spaces for the everyday life. In other words, the everyday life could be improved by the construction of places (concrete spaces) that encompass the bottom-up practices of the citizens.
Matching individuals' happiness to their physical surroundings is a means to understanding the influence of space on wellbeing [13] . The urban environment (the object and the space) is related to the quality of place and livability, through the integration of the quality of the local environment and the perceptions of urban dwellers (e.g., perceived health) [12] . From a sociological point of view, the places are seen as the sites of social relations [6] by acting as open articulations of connections [21] . In this sense, the place is constructed by interconnected people with place-specific social forms expressed in the space. People think in terms of places, and place is the underlying entity in which human interaction takes place.
To clarify the difference between space and place, as we use the terms in this paper, space refers to the dimensions of height, depth, and width within which things exist and move (i.e., the cartesian notion of coordinates), whereas place refers to the human experience and perception therein. As such, place has been termed as "the conceptual fusion of space and experience" [22] , and this is the basic idea of the sense of place. Thus, as presented by Jorgensen and Stedman [23] , the idea that the sense of place is the experience based on attachment (sentiments toward a place), identity (beliefs associated to a place), and dependence (behaves toward a place). That means, different people may have different perceptions of a certain space, and the same spatial location may be perceived as different places. For this reason, and specifically in the case of the city, it is important to emphasize not the infrastructure, but the way in which urban residents experience the physical spaces [24] . The sense of place is a social construction and, in this sense, is dynamic, may change over time, and can constantly be re-created by the experience of each individual. Considering the place attachment, place identity, and place dependence, Acedo, Painho, and Casteleyn [25] claimed that for each individual living in a city, there is a set of meaningful places and social networks that she/he belongs to, and that these social networks can be spatially defined. From this perspective, a city with quality-of-life can be expressed as a city with spatial relationships between social cohesion and a sense of place, which facilitates the better cooperation between citizens in order to create adequate livability. In the next sections of the paper, we will develop this idea in more detail.
The relationships between space and place are not simplistic. The sense of place is embedded in a spatially structured location, Cartesian space. However, space can also be understood as the spatial structure output of perceptions, ideologies, idiosyncrasies, interpretations, and knowledge. In other words, the way we design the physical space is related to our perceptions of the world. Thus, we can interpret the productions of spaces-and places-as social practices (e.g., festivals, local markets, exercise, etc.), giving rise to the intersection of multiple spatialities [26] . In the urban environment, places are not stable or temporally homogeneous, and blend different realities originating from complex spatialities and temporalities [27] . Cities are not homogeneous, but are historical and cultural productions [28] . In this sense, a city can be described as the time-dynamic representation of multiple places that produce and are produced by diverse spatialities (e.g., urban patterns and urban structure). For instance, urban patterns such as land use intensity and heterogeneity, through different mechanisms and effects, influence social components of the city, such as urban economics and urban planning, and these social components are also the drivers that shape the urban patterns of the city [29] .
This conception of space-place interactions is not linear, and it can be said that places also produce new urban structures and patterns, and these patterns and dynamics may create new senses of places. This dynamic social space influences the right to the city, which can be seen as the right to a good urban life [30] . The city is interpreted as the confluence of the physical and mental space, and can be defined by the dimension of human life [20] . Thus, the sense of place in the city is constantly transformed and represents the experience of urban social life, social life that needs to have the right of the appropriation of the urban space. The key aspect of Lefebvre's right to the city [30] and production of the space is that space is not a container that needs to be filled, but is fabricated by our social relations and, at the same time, space is a designer of these relations. However, Augé [31] argued that the same space can be a place and also a 'non-place'. A non-place is a space emptied of its significance-a non-meaningful space. This socio-spatial dialect allows for the recognition of spatial (in)justice phenomena in the city. Public spaces need to be inclusive and offer a healthy environment. The access to public spaces where people can generate their own sense of community is a very important issue for social justice in the city. The basic idea of spatial justice is the fair distribution of urban resources that are socially valued, and the fair access that citizens have to these resources [32] . Harvey [18] argued that inequalities cause spatial patterns in the city that undermine places of quality-of-life. Therefore, inequality and the unjust accumulation of resources undermines universal human rights. The urban geographies of (in)equality can offer an analytical panorama to understand how to improve the quality of life in the city. Figure 1 shows the confluence of the social and physical spheres from the space-place perspectives explained in this section. Urban structure and spatial patterns of urban processes influence the sense of place. Depending on the patterns and structure, the same location can be considered a place for an individual, and a non-place for another individual. At the same time, social practices can drive and shape the urban structure and spatial patterns. Pro-social behavior and equality is associated with the fair distribution of resources in the city (e.g., healthy food markets) and to the optimal accessibility to services (e.g., health services). The social and physical spheres interact with the phenomena of quality of life and inclusive places. For instance, meaningful places and clean public areas may induce better quality of life and generate inclusive places, whilst inclusive places and a perception of good quality of life can incentivize the perceptions of social equality and influence the development of new public space. Quality of life and inclusive places guarantee the right to the city and the spatial justice. This conception of space-place interactions is not linear, and it can be said that places also produce new urban structures and patterns, and these patterns and dynamics may create new senses of places. This dynamic social space influences the right to the city, which can be seen as the right to a good urban life [30] . The city is interpreted as the confluence of the physical and mental space, and can be defined by the dimension of human life [20] . Thus, the sense of place in the city is constantly transformed and represents the experience of urban social life, social life that needs to have the right of the appropriation of the urban space. The key aspect of Lefebvre's right to the city [30] and production of the space is that space is not a container that needs to be filled, but is fabricated by our social relations and, at the same time, space is a designer of these relations. However, Augé [31] argued that the same space can be a place and also a 'non-place'. A non-place is a space emptied of its significance-a non-meaningful space. This socio-spatial dialect allows for the recognition of spatial (in)justice phenomena in the city. Public spaces need to be inclusive and offer a healthy environment. The access to public spaces where people can generate their own sense of community is a very important issue for social justice in the city. The basic idea of spatial justice is the fair distribution of urban resources that are socially valued, and the fair access that citizens have to these resources [32] . Harvey [18] argued that inequalities cause spatial patterns in the city that undermine places of quality-of-life. Therefore, inequality and the unjust accumulation of resources undermines universal human rights. The urban geographies of (in)equality can offer an analytical panorama to understand how to improve the quality of life in the city. Figure 1 shows the confluence of the social and physical spheres from the space-place perspectives explained in this section. Urban structure and spatial patterns of urban processes influence the sense of place. Depending on the patterns and structure, the same location can be considered a place for an individual, and a non-place for another individual. At the same time, social practices can drive and shape the urban structure and spatial patterns. Pro-social behavior and equality is associated with the fair distribution of resources in the city (e.g., healthy food markets) and to the optimal accessibility to services (e.g., health services). The social and physical spheres interact with the phenomena of quality of life and inclusive places. For instance, meaningful places and clean public areas may induce better quality of life and generate inclusive places, whilst inclusive places and a perception of good quality of life can incentivize the perceptions of social equality and influence the development of new public space. Quality of life and inclusive places guarantee the right to the city and the spatial justice. 
Livability, Life-Ability, and the Construction of 'Quality of Life' Places and Spaces
Traditionally, urban planning has understood livability as the good conditions of the built environment. However, in the social-ecological view, societies are the lens to understand livability. The 'quality of society' is thought to be a central part of the livability [14] . The quality of life within a society is associated with social capital and social cohesion. Social fragmentation is seen as a phenomenon that reduces the quality of life within a society. For instance, higher first admissions for psychosis are associated with high social fragmentation [33] . Social capital is influenced by the intensity of social links constructed by trust, sharing, and reciprocity [34] . Thus, it can be said that one of the equivalents for urban livability is having cohesive communities in the city. Cohesive communities are associated with what we refer to as 'socially-vibrant' urban neighborhoods. Socially-vibrant neighborhoods are composed of cohesive groups of people that collaborate, communicate, and participate together in solutions of the community's problems. The definition of urban neighborhoods is not limited to administrative units, and neighborhood limits can be socially constructed [35] . Thus, the analysis of livability can utilize groups of individuals as the basic unit of analysis, and the spatial expression of this unit of analysis can be the urban neighborhood. Considering a systems perspective, livability could be studied by applying the social entropy theory [36] . Social entropy is minimal when the correlations of the population's variables are maximal. For instance, a low social entropy occurs when the same group of individuals have similar levels of social values and assets. Thus, a low level of entropy is necessary to maintain quality of life [37] . Moreover, urban planning should pursue a low-entropy city view, organizing spatial elements (e.g., green areas) of the city to promote social cohesion and a sense of place [38] Therefore, social cohesion can reduce the uncertainties related to entropy, because networks of attuned and conscious citizens are more able to create inclusive spaces for the livability of the city. In this context, low levels of social entropy mean a good quality of life, meaning that livability is created by communities with socio-economic equality and social cohesion. Urban planning needs to consider these conditions for livability in order to create spatial justice. For example, the revitalization of urban spaces needs to focus on social equity and justice beyond the traditional view of design and aesthetics [39] .
Life-ability refers to the capability of the person, the individual characteristics to resolve problems of life [14] . Analyzing life-ability is a shift in the scale of analysis, from the social unit to the individual unit. The recognition of the life-ability of the individual is the recognition of an inner person's qualities, such as health, knowledge, and resilience [14, 17] . A healthier and less socially vulnerable individual is more likely to create livable spaces. The life-abilities of the individual are activities to construct quality of life. This is important for the sense of place, because life-ability also requires self-actualization [14] . Self-actualization is related to the roles a person acquires during her/his life and the adaptiveness of the person to changing situations. Therefore, life-ability can also be considered as the 'inner space' of the person, the self-identification that is primordial in creating a sense of place. The individual constructs her/his place through social practices that symbolize her/his role in society. We see here that the sense of place can be considered as a link between the life-ability and livability in the urban space. Figure 2 illustrates this link in detail. Individuals with life-abilities can each have a spatial location and a sense of place associated with this location. We can aggregate individuals at a community level (group of individuals) and at the neighborhood and city level. The neighborhood/city level denotes a network of individuals' groups or the city's population. The livability for the community is based on its social cohesion that can be represented as a social network in a specific geographical space. The community may also generate a common sense of place toward this space. The urban context of a neighborhood or a whole city can be represented by the livability of its environment, and can be delineated by administrative or subjective spatial boundaries. The city and the neighborhood can have at least one meaningful place for each urban inhabitant. 
Expanding Geo-Information Concepts to Quality of Life: A Conceptual Urban Quality SpacePlace Framework
Geometrically, place can be defined in spatial locations, but phenomenologically, place is defined as the geographical context for the mediation of the physical environment and socioeconomic processes [6] . We can consider the existence of a place as a function z(x), where z represents all the attributes (e.g., lifestyles) of the place located in a space, x [40] . These attributes can also be located in time, which is where the concept of space-time takes relevance. The space-time concept [41] pointed out the critical importance of time when fitting individuals together in social and economic systems, considering certain levels of livability. Therefore, it can be said that the livability and the life-ability also imply that the characteristics of the environment are intrinsically connected to individuals. For instance, the life-ability of individuals can be associated with their ability to access desired services such as healthcare, or educational or green areas.
The concepts of geo-atoms, geo-objects, and geo-dipoles, proposed by Goodchild et al. [42] , have been used to represent the complexity of geo-information, and to construct a general theory of geographic representation. A geo-atom is defined as the 'atomic form' of geographic information through the following tuple:
where x defines a location in space-time (four dimensions), Z represents an identified property, and z(x) defines the particular value of the property at that location [42] .
The geo-atoms can form geo-objects. The geo-objects are an aggregation of the locations whose geo-atoms meet certain properties [42] . The dimensionality of the geo-objects depends on the space in which these objects are embedded. To represent the interactions between the locations of geoatoms, Goodchild et al. [42] proposed the concept of geo-dipole represented by the tuple, as follows:
where z(x1, x2) represents the property Z values for a pair of locations x1 and x2. The geo-dipole considers a pairwise interaction [43] and is the basic representation of spatial interaction.
We propose that the concepts of geo-atoms, geo-objects, and geo-dipoles can be translated to a pro-social perspective. A geo-atom may be an individual, a person with a specific feature, located in a specific space and time. Following a similar notation as the geo-atom, a 'geo-individual' can be described as follows: Figure 2 . Relationships between quality of life, space, and place at different levels of aggregation.
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Geometrically, place can be defined in spatial locations, but phenomenologically, place is defined as the geographical context for the mediation of the physical environment and socio-economic processes [6] . We can consider the existence of a place as a function z(x), where z represents all the attributes (e.g., lifestyles) of the place located in a space, x [40] . These attributes can also be located in time, which is where the concept of space-time takes relevance. The space-time concept [41] pointed out the critical importance of time when fitting individuals together in social and economic systems, considering certain levels of livability. Therefore, it can be said that the livability and the life-ability also imply that the characteristics of the environment are intrinsically connected to individuals. For instance, the life-ability of individuals can be associated with their ability to access desired services such as healthcare, or educational or green areas.
The concepts of geo-atoms, geo-objects, and geo-dipoles, proposed by Goodchild et al. [42] , have been used to represent the complexity of geo-information, and to construct a general theory of geographic representation. A geo-atom is defined as the 'atomic form' of geographic information through the following tuple: < x, Z, z(x) > where x defines a location in space-time (four dimensions), Z represents an identified property, and z(x) defines the particular value of the property at that location [42] . The geo-atoms can form geo-objects. The geo-objects are an aggregation of the locations whose geo-atoms meet certain properties [42] . The dimensionality of the geo-objects depends on the space in which these objects are embedded. To represent the interactions between the locations of geo-atoms, Goodchild et al. [42] proposed the concept of geo-dipole represented by the tuple, as follows:
where z(x 1 , x 2 ) represents the property Z values for a pair of locations x 1 and x 2 . The geo-dipole considers a pairwise interaction [43] and is the basic representation of spatial interaction.
We propose that the concepts of geo-atoms, geo-objects, and geo-dipoles can be translated to a pro-social perspective. A geo-atom may be an individual, a person with a specific feature, located in a specific space and time. Following a similar notation as the geo-atom, a 'geo-individual' can be described as follows:
where v is a vector that describes the position of the individual in the space-time dimension, A represents the life-ability of the individual, and a(v) represents her/his life-ability at a specific location in the space-time dimension. At the social level, the concept of the geo-dipole is restricted. A social interrelation can be described by two or more people. The concept of geo-multipole, introduced by Zhu et al. [43] , incorporates N neighbors for a location x, as follows:
where t N is x 2 , x 3 , . . . , x N are neighbors of x 1 .
We propose the concept of 'geo-social' as the interactions of one geo-individual to her/his geo-individuals neighbors. A geo-social can be represented as follows:
where A N is the life-abilities of the geo-individual and her/his geo-individual neighbors.
Cova and Goodchild [44] described that object fields could be seen as the relationship between one field-based space and an object-based space. A field-based space is a plane where every location is assigned a value from an attribute domain, while an object-based space is an object with specific identity, spatial embedding, and attributes [44] . We argue that geo-socials act as objects that represent the life-abilities of social networks in the space-time dimension, and that the field where each geo-social can be mapped can be called the 'livability-field'. Thus, the quality of life in a city can be represented by geo-socials embedded in a livability-field, where each of the geo-socials share common contextual features of the livability-field. For instance, geo-socials with similar levels of education and health could be related to context-based dimensions of the livability-field, such as green areas or clean air.
To achieve quality of life, the geo-social needs to act as barrier to social isolation or fragmentation. Thus, the interactions of two or more geo-individuals need to construct trust and cooperation.
Bona fide objects are constructed with the aim of reflecting internal homogeneity [42] , while fiat objects depend on human demarcation decisions [45, 46] . The geo-social can be a bona fide object and a fiat object. The parameter v of the geo-social is defined by a fiat definition. However, we propose that the sense of place of the geo-social can be expressed by applying the uncertain conceptual spaces approach [47, 48] . This approach aims that the geo-atom location parameter x can be changed to a parameter that represents an infinite collection of conceptual spaces. The potentiality of this approach is to create a link between the locations in physical and conceptual space, such as a sense of place. For the geo-social, the parameter, v, that defines a location in space-time can be enriched by a place-based perspective, as follows:
where p represents the senses of places that a geo-individual and her/his neighbors may experience at location v. Thus, the geo-social can also be interpreted as a bona fide object, where it is assumed that the sense of place of cooperative geo-individuals defines a spatial homogeneity that could be expressed in the livability-field. Figure 3 shows the fiat and bona fide natures of geo-socials. The geo-socials (grey shapes on the object space) in a specific space-time vary in terms of the life-abilities of the geo-individuals and their senses of place (bona fide). A single location (fiat) is not necessarily a point. The scale of analyses influences the definition of the geo-social. The geo-social may be represented at a household level (e.g., social interactions between the family members) or at a neighborhood level (e.g., social interactions between neighbors). In this case, the livability-field is scale-dynamic and context-dependent. Wu and Li [49] proposed that the dimensions of the scale are time, space, and the organizational level. These three dimensions form a cube where a specific phenomenon or process is embedded. The time reveals when the phenomenon is occurring, the space is the scale of the phenomenon (e.g., local, regional, global), and the organizational level denotes the components of the phenomenon. For instance, Kienberger et al. [50] proposed that the scale dimension of the organizational level for the 'phenomenon of vulnerability' is composed of diverse factors, such as institutional, socio-economic, and environmental factors. Regarding the dimensions of scale for our conceptual background, we propose that the livability-field can be adapted as the space dimension, a homogeneous area where geo-socials interact at a specific scale (household, neighborhood/community, and city). In this case, the livability-field is particularly different to the traditional fields in geo-information theories, because it is considered as the space of people's interactions and connections through the geo-socials. The dimension of time can be expressed in hours, days, weeks, and so on. The organizational level dimension is based on the place-based perspective of the geo-social (their senses of places p) and the life-abilities, A N , of the geo-individuals (Figure 4) . phenomenon (e.g., local, regional, global), and the organizational level denotes the components of the phenomenon. For instance, Kienberger et al. [50] proposed that the scale dimension of the organizational level for the 'phenomenon of vulnerability' is composed of diverse factors, such as institutional, socio-economic, and environmental factors. Regarding the dimensions of scale for our conceptual background, we propose that the livability-field can be adapted as the space dimension, a homogeneous area where geo-socials interact at a specific scale (household, neighborhood/community, and city). In this case, the livability-field is particularly different to the traditional fields in geo-information theories, because it is considered as the space of people's interactions and connections through the geo-socials. The dimension of time can be expressed in hours, days, weeks, and so on. The organizational level dimension is based on the place-based perspective of the geo-social (their senses of places p) and the life-abilities, AN, of the geo-individuals (Figure 4) . Relationship between the livability-field and the geo-social. The figure is inspired by the 'one location to many objects' relationship proposed by Cova and Goodchild [44] .
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The Meaning of Smart City in the Conceptual Urban Quality Space-Place Framework
Smart cities have been traditionally interpreted as cities that use smart computing technologies (e.g., software systems, and server and network infrastructures) to make urban services and infrastructures more intelligent and efficient [51] . However, technology is only one of the dimensions of smart cities, and the human dimension is considered a key driver of the smart city [52] . Smarter human communities are equivalent to smarter cities, and are communities that strengthen human bonds and services [53] . Socially segregated cities show symptoms of social disorder, which causes diverse problematics, such as crime or illness [33, 53] Thus, the idea of smart cities can be associated with citizens that are active and aware of the need of integration and cooperation. The governance dimension and the live-city dimension are citizen-centric dimensions related to cooperation, participation, and a capacity for adaptation [54] . In this sense, one of the challenges of a smart city is to have creative and educated citizens; citizens that are engaged enough and have the proper knowledge to construct the human dimensions of smart cities [55] . Furthermore, smart cities' technologies could act as links between 'atomic' individuals to create potentially happier communities connected in new ways [56] . The previous approaches to smart cities clearly express that the 'smart' aspect of a city is about the people. The urban quality space-place conceptual framework proposed in this article can be considered as a human-and-citizen-centric approach to smart cities. This approach has a connection to geo-information. Geo-information facilities, such as location-based services, platforms of maps, or Open GIS, facilitate citizen participation and support citizens with the knowledge of useful information in order to improve their communities. Therefore, the geo-individuals are individuals that are spatially enabled and have the capacity to build informed communities with implications for the functionality and governance of a city. In this sense, our conceptual framework may support a community-based view of city policies and spatial planning; the geo-socials are constructed by active and empowered geo-individuals to propose bottom-up solutions for the city. In the context of geo-information, Goodchild [57] argued that individual-level volunteered geographic information (VGI) may not be accurate, but collectively can have an important impact on the geo-information applied to public interests. We argue that the geo-socials can be used as the conceptual representation of citizen science. Citizen science would be inefficient with isolated geo-individuals, because interaction is one of the basic requirements to apply VGI for a specified purpose [58] . Citizen science describes communities of citizens who report and monitor the phenomena of different domains of knowledge [57] .
The communities of citizens represented by the geo-socials allow for the spatial enablement of the livability-field, where the dynamics of the sense of place and the construction of the space use geo-information as a common good. Here, geo-information is not seen as the origin of plain data-driven geographies, but as an opportunity to conceive citizen-driven spatialities that look for the development of a pluralistic livability-field through the creation of public spaces of quality, where the citizens experience happiness and ownership of the space. The notions of geo-socials and the livability-field overcome atomistic views of human behavior. In the context of VGI and citizen science, we consider it important to apply our concept of geo-socials to the social media-based information, to obtain insights for community-based solutions and urban planning. For instance, the GeoCitizen platform is a type of social network where citizens are able to geo-reference problematics affecting their neighborhoods and also propose initiatives to improve their quality of life [59] . Other popular social networks, such as Twitter, offer useful geo-referenced information to work with locational 'senses of place' in the urban context. For instance, an analysis using Twitter data has been applied to identify urban planning-related spatial patterns of positive and negative sentiments of London's residents and visitors regarding the organization of the Olympic Games [60] . The uncertain conceptual spaces approach integrated in our geo-social definition may be useful to visualize the connections of the properties in the physical space (locations) to properties in conceptual space (sense of place) as a means to studying the smartness of the city. The geo-socials and the livability-field are also an opportunity to re-think the representation of place values in the space. The different senses of places incorporated in the geo-socials recognize the diverse individual and collective place attachments that people have in a city.
All in all, for the conceptual framework presented in this paper, a smart city means a human-centered, livable city in constant transformation; a city with strong social and community bonds, bonds that are facilitated with the support of geo-information and technology. In this sense, the notion of the smart city relies not only on technology, but on empowered citizens that trust each other and can cooperate.
Future Directions
The conceptual urban quality space-place framework paves the road for many research avenues. One open question is the representation of the space-place enriched geo-social in a geographic information system. Representing the geo-social in explicit spatial terms may be feasible. However, representing a collection of conceptual spaces (senses of places) is a challenge for future research. We consider that future research could translate the senses of places of the geo-socials into conceptual spaces with geometrical structure. A possible solution for this translation could be the application of Gärdenfors's domains of conceptual spaces [61] . He defines a conceptual space as a collection of domains, and a domain as a set of quality dimensions with properties that can be represented as a convex region. We envision the feasibility of representing geo-socials in livability-fields through a prototype-threshold approach, where spatial locations correspond to more than one concept and hierarchical relations between concepts can be represented [62] . Our conceptual framework is also flexible in terms of the time scale. An interesting topic for future work is to analyze different life-abilities and the senses of places of geo-socials through time units-hourly, daily, weekly, or monthly. We believe that social media data could be a useful source of information for developing time-series methodologies for the geo-socials.
Further research will investigate the construction of new ontologies to define the geo-social as a feature to be represented in the virtual world of geo-informatics. The construction of ontologies from perceived space can facilitate the structuring of information in spatial databases for urban planning [63] . Here, the challenge is to incorporate in the spatial representation of the geo-social the varied cultural backgrounds that the geo-individuals may have. Additionally, the definition of spatial topologies for our conceptual framework is a promising field of study for the future. Previous work has adapted topological spatial relationships between the sense of place and social capital in an urban context [25] . We consider that these topological relationships could be a reference to develop more complex topological relationships for our conceptual framework, because of the multilevel and multidimensional nature of the geo-individuals, geo-socials, and the livability-field. In the context of our conceptual framework, the exploration of non-Euclidean spatial ontologies and topologies (e.g., fractal spaces) may be an opportunity to open a new road of research in quality-of-life studies in the city.
We also consider it important to analyze how the life-abilities of the geo-individual may influence one another. For this, we argue that future studies related to this paper need to focus on multi-scale analyses defining individual level and community level variables for the life-ability and the livability dimensions. Real-world gathered citizen's data can be employed for this purpose. Further research may also explore the level of membership of the senses of places of the geo-social in relation to a location. This work would need the application of fuzzy and multi-criteria analyses. We also envision that the proposed framework could serve as a design principle for modeling the complexity of the city. The low-entropy city needs to be based on a flexible interactive network of agents [38] . Thus, future investigations could model sets of agents (individuals) with high levels of autonomy, adaptivity, and (place) sense-making. These models could even have important implications for the development of artificial intelligence.
Future works related to this paper also need to explore geo-information capabilities to understand the importance of public spaces as opportunities to construct cohesive cities. In this sense, the objectivity of geo-information needs to be expanded to the subjectivity of the social construction of the space. Finally, we hope the conceptual urban quality space-place framework will act as a base to develop the participatory public geographic information systems to support citizen participation and engagement, as well as to support urban planning based on the citizens' senses of place.
Conclusions
We consider that the conceptual framework presented in this paper provides a valuable foundation for coupling applied geo-information with a humanistic perspective to support urban planning. Moreover, we argue that improving quality of life could be considered as the ultimate goal of urban policy and planning. Spatial analyses could consider the presented urban quality space-place conceptual framework, because it is able to account for more key aspects of human conceptions of space than traditional geographic information systems approaches. This paper is also a contribution to urban and geographic information science epistemologies by linking the widely discussed concepts of geo-information and quality of life. Thinking and developing integrated, pluralistic, and holistic conceptual frameworks can facilitate the development of tools, algorithms, and, perhaps, technologies, inspired by the dimensions of livability and life-ability, as well as being inspired by the importance of the value of the symbolic and subjective meanings of space-the concept of place. We believe that the concepts of the geo-socials and geo-individuals encompass principles for inclusive urban societies, considering contextual and individuals' characteristics, such as quality of public space, social capital, and social cohesion.
This conceptual framework also emphasizes the importance of spatial thinking to better understand the complexity of human-environmental interactions in the city. The study of cities applying geo-information does not need to be entirely about bytes and pixels. We need to think and re-think our views and concepts of the world, of the city where we live, and of our neighborhood. We need to first develop and improve epistemologies in order to have robust conceptual frameworks as the base for developing models and algorithms. Otherwise, we could be creating models and algorithms that only see numbers, and not competent individuals with the potentiality of cooperating with one another and with the capacity of building livable urban communities.
